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Summary - Twenty five isolates of Meloidogyne collected in two Moroccan vegetables growing areas (OuaJidia and Souss-Massa)
were identified by esterase profiles. 80-82 % of isolates were from /v!. javanica and 18-20 % were from /11. incognita. The former
species was found on crops grown in plastic greenhouses, as well as on crops grown in open field, mairuy tomato, eggplant, melon,
and banana, and on weeds. /v!. incognita was found on sweet pepper and carnation grown under plastic greenhouses and on tomato
grown in open field. Of the twenty isolates of Meloidogyne tested, nine tomato resistance breaking isolates of M. javanica were found
virulent on the cv. Darus, and six of them were virulent on the cv. VFN8. Additional sources of resistance in LyCO'penicon peruvianum
PI270435 and in L. peruvianum var. glandulosum Pll26443 were resistant to some extent to the tested M. javanica isolates.
Resume -lchnti/ication de populations de Meloidogyne brisant la resistance de la tornate au Maroc et leurs effets sur
les nouvelles sources ch resistance - Vingr-cinq isolats de Meloidogyne collecres dans deux zones marakheres marocaines ont ete
identifies par les proms esterasiques. M.javanica represente 80 il 82 % des isolats et M. incognica 18 il 20 %. M. javanica a ete observe
sur plusieurs cultures sous serre plastique et en plein champ, surtout sur tomate, aubergine, melon, bananier et sur plantes
adventices. M. incognica a ete observe sur poivron et oeilJet sous serre et sur tomate de plein champ. Parmi vingr isolats de
M. javanica et de M, incognita testes sur tomate, neuf isolats de M. javanica sont virulents cnvers le cv. Darus, six etant egalement
virulcnts envers le cV. VFN8. Les nouvelles sources de resistance, PI270435 de Lycopersicon peruvianum et PI126443 de
L. peruvianum var, glandulosum sont resistantes aux isolats de M. javanica testes.
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Root-knot nematodes A1eloidogyne spp. are among
the most damaging plant parasitic nematodes in Moroc-
co Qanati et al., 1982a). In a survey conducted by Janati
et al. (l982a), the four major species observed were
Meloidogyne ja'Vanica, M. incognita, M. arenaria, and
M. hapla, with 61, 29, 7, and 3 % of the identified popu-
[ations, respectively. The most important infestations
were frequently observed along the Atlantic littoral,
probably because vegetable crops were extensively
grown in this region in sandy soil conditions, which
favors their multiplication Qanati et al., 1982a).
Resistance to root-knot nematode in tomato (Lyco-
persicon spp.) was found 50 years ago in L. peru'vianum
accession PI128657 (Bailly, 1941). This resistance was
transferred and expressed in F 1 plants derived from
L. penwianum x L. esculentum crosses made by Smith
(1944). Further workS demonstrated that this gene,
called Mi-gene, confered resistance to M. incognita,
M. ja'vanica and M. aTenan'a but not to 1\;[. hapla (Frazier
& Dennett, 1949). This resistance suffers breakdown
when soil temperatures are higher than 30 QC (Ammati
et al., 1986).
Recently, new resistance genes other than l\1i were
found in the PI270435 accession of L. pemvianum and
ISSN 1164-5571/97/03 S 700/1,9 GaUlhier-Villars - ORSTOM
PI126443 accession of L. peru'vianum var. glandulosum
(Ammati et al., 1985, 1986; Roberts et al., 1990).
In Morocco, resistant cultivars are not always effec-
tive. It is therefore important to understand the causes of
possible failure, and to evaluate the response of newly
inu'oduced genes of resistance in tomato against Moroc-
can isolates of l\;[eloidogyne.
Material and methods
A nematode survey was carried out in two Moroccan
vegetable growing areas of Atlantic littoral (Oualidia and
Souss-Massa), in open fields as well as in plastic green-
houses that had been cultivated with tomato for at least
one year or where cropping had ceased. Root samples
were taken from the cultivated crop or on host weeds. A
total of 26 Meloidogyne populations were collected (Ta-
ble 1).
From each population, one egg mass was inoculated
onto cultivated tomato cv. Rutgers. Nematode culture
was maintained by replanting new plants in the infested
pots. Nematodes collected from these infested pots were
used for the isolate identification and resistance tests.
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Table 1. Host, geographic and agricultural information of Meloidogyne isolates used in this study.
Isolate Species Origin Host Plastic green Previous crops
house age* (years)
M. I M.javanica Oualidia Solanum nigrum S** 8APH tomatoes monoculture S**
M. 2 M.javanica Oualidia tomato cv. Darus R*" 8 tomatoes monoculture R**
M. 3 M.javanica Oualidia tomato cv. Darus R"* 8 tomatoes monoculture R
M. 4 M. incognila Oualidia tomato cv. F204 R COF tomatoes monoculture R
M. 5 M. javanica Oualidia melon ucv. S 2 tomatoes - melon
M. 6 M. javanica Oualidia tomato cv. Darus R COF tomatoes R
M. 8 M. javanica Souss-Massa tomato cv. Darus R COF courgette - tomatoes R
M. 9 M. javanica Souss-Massa eggplant ucv. S 5 tomatoes R (1 year on 3)
M.lO M. javanica Souss-Massa Nicotiana sp. S 3 APH tomatoes R (1 year on 2)
M.ll M. ja·vanica Souss-Massa Solanum mgrum S 3 APH tomatoes R (1 year on 2)
M.12 M. javanica Souss-Massa Darura stramonium S COF melon - fallow field
M.13 AI. javanica Souss-Massa tomato ucv. R 3 tomatoes monoculture R
M.14 M. javanica Souss-Massa tomato cv. Daniella S 2 tomatoes monoculture S
M.15 M. javanica Souss-Massa tomato cv. Darus R COF tomatoes monoculture R
M.16 M. ja'vanica Souss-Massa tomato cv. Cristina R 5 tomatoes monoculture R
M.17 M. javanica Souss-Massa tomato cv. Lorena R COF tomatoes monoculture R
M.18 M. ja·vanica Souss-Massa tomato cv. Darus R 4 tomatoes monoculture R
M.19 M. incognila Souss-Massa tomato ucv. S COF turnip - tomatoes S
M.20 M. incognila Souss-Massa carnation ucv. S 3 carnation
M.2l M. incognila Souss-Massa sweet pepper cv. Sonar 4 sweet pepper
M.22 M. javanica Souss-J\1assa eggplant ucv. S 4 tomatoes R - eggplant
M.23 AI. javanica Souss-Massa tomato cv. Darus R 2 eggplant - tomatoes R
M.26 M. incognira Souss-Massa sweet pepper cv. Sonar 1 pOUltoes - sweet pepper
M.27 M. javanica Souss-Massa tomato ucv. S 1 pOUltoes - tomato S
M.28 AI. javanica Souss-Massa eggplant ucv. S 1 potatoes - eggplant
M.29 M. javanica Souss-Massa banana cv. petite naine S COF banana
" APH : abandonned plastic greenhouse, COF : crop in open field; ,',' R' resistant, S . susceptible, ucv .. unknown cultivar.
Species identification of isolates was conducted by
isoesterase patterns after polyacrylamide gel Ganati et
al., 1982b; Fargette, 1987; Berthou et al.) 1989).
Seeds of L. peruvianurn accessions were desinfected in
2 % sodium hypochlorite for 30 min. All seeds were
pregerminated in mist chamber at 28°C, then transfer-
ed to 200 cm3 mini pots containing a mixture of one
volume of sandy soil and one volume of peat, sterilized
for 2 h at 120°C. At the two-leaf stage, the plants were
inoculated.
Two resistance experiments were conducted in pots
(200 cm3) arranged in a completly randomized block
design. The inoculum was adjudted to deliver 2000 eggs
and juveniles 02) per plant. For inoculum preparation,
nematodes were extracted from infected tomato roots by
the method described by Hussey and Barker (1973).
In the first experiment, twenty isolates were tested.
The cv. Rutgers was used as susceptible control, and
VFN8 and cv. Darus as resistant controls. The later is
one of the most cultivated tomato cultivar used in green-
house operations (Anon., 1990). Each cultivar was re-
plicated four times with each isolate. Fifty days later,
every root system was gently washed with tap water and
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evaluated by gall index (GI) and egg mass index (EMI)
(Ammati et al., 1985; Roberts & Thomason, 1986; Ro-
bens et al.) 1990).
The second resistance experiment was carried out to
evaluate the effect of six Moroccan isolates of M. java-
nica on new resistance gene sources PI270435 of L.
peruvianurn and PI126443 of L. pentvianurn var. glandu-
losurn. Cultivars Rutgers, VFN8, Dams and PI128657
Mi gene source served as reference cultivars. For each
cultivar, seven plants were tested. After an accumulation
of 18000 °lh (47 days), a periode which allows the
maximum reproduction of M. javanica on cv. Rutgers
(Bost & Triantaphyllou, 1982), root systems were gent-
ly washed and evaluated by egg mass index (EMl) and
reproduction index (RI) in which RI = final population
on tested cultivarlfinal population on Rutgers (Robens
& Thomason, 1986). Data were analysed by ANOVA
and means were compared by Newman and Keuls tests
(P:S 0.05).
Resistance tests were carried out in an air-condi-
tionned room. Soil temperature was maintained below
28 QC to be sure that any Mi-gene breakdown would not
be due to high temperature. Plants were irrigated with a
Fundam. appl. NemalOl.
nitrogen solution (14.4 meq Nil; pH 5.8; Coic & Le-
saint, 1975).
Results
Two esterasic phenotypes were obtained. The first,
with a single band (Rm =0.49), corresponds to M. in-
cognila) and the second, with three bands (Rm =0.49;
0.75; 0.62), corresponds to M. javanica
Twenty of the 26 Meloidogyne isolates studied showed
the lvI. javanica esterase pattern. Fourteen out of the
seventeen isolates collected under plastic greenhouses
belonged to this species. M. javanica were found on
numerous crops under plastic greenhouses as well as in
open fields. Theses crops included tomatoes, melon
(Cucumis melo) eggplant (Solanum melongena) and ba-
nana (Musa AAA). In abandonned plastic greenhouses
without cultivated crops, M. javanica populations sur-
vived on weeds belonging to the Solanaceous family:
Solanum nigrum) Nicoliana sp. and Dawra slramonium
(Table 1). M. incognila populations M.4 and M.19 were
collected in open field on tomato plants. The other popu-
lations were collected on sweet pepper (Capsicum annu-
urn; M.21 and M.26) and on carnation (Dianthus ca-
riophilus; M.20) grown under plastic greenhouses
(Table 1).
In the first resistance experiment, the twenty isolates
reproduced well on cv. Rutgers. Nine A1. javanica iso-
lates reproduced well on cv. Darus (Table 2) while cv.
VFN8 was susceptible only to six isolates. The M.8
isolate collected on resistant tomato cv. Darus in the
field did not reproduce much on the resistant cvs.
In the second resistance experiment, all isolates stud-
ied reproduced well on susceptible cv. Rutgers. Repro-
duction index of all isolates were not significantly differ-
ent (P:S 0.05; Table 3). The cv. Darus was highly
resistant to M.29 (Table 3). The cv. VFN8 was highly
resistant to M.29, M. 9 and M.l 0, less susceptible to M.2
(RI =47 %), and susceptible to M.13 and M.16.
The isolates M.29, M.9 and M.I0 of M. javanica
showed no differences in reproduction indices
(P:S 0.05) bet\veen cv. VFN8 and L. pentvianurn acces-
sions.
The accessions of L. peruvianum were moderately re-
sistant to M.2 and M.16. Their reproduction indices did
not differ bet\Veen them (P:S 0.05; Table 3).
The PI128657, PI270435 and PI126443 accessions
were also moderately resistant to M.13. The reproduc-
tion indices of M.l3 on the three accessions were not
significantly different (P::; 0.05), although the later
showed higher RI values.
Discussion
In previous studies, the four most important Meloido-
gyne species were easily identified by their esterasic
phenotypes Qanati el al.) 1982b; Fargette, 1987; Ber-
thou el al.) 1989). Our findings confirm the presence of
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Table 2. Gall and egg mass indices produced by 20 isolales of
Meloidogyne (M.javanica and M. incognita) on Rutgen) Darns
and VFN8 tomato cultivan inoculated with 2000 nem./plam at
47 days after inoculation.
Meloidogyne Gall index (GD' Egg mass index (EMl)**
isolates Rutgm Darus VFN8 Rutgers DaM VFN8
M. I 366a 066 b 033b 4.33 a 066 b 0.00 b
M.2 4.00 a 2,66 a 3.00 a 4.33 a 400 a 4.66 a
M,3 3.33 a 0.66 b 0.33b 5.00 a 0.66 b 0.33 b
M,6 400 a 3.00 a 3.33 a 4,66 a 433 a 4.00a
M.8 366a 1.66b 0.33b 433 a 100b 066 b
M.9 3.66 a 333a 033 b 5.00 a 4.33 a LOO b
M.IO 4.00 a 3.00 a 066 b 4.33 a 4.66 b 0,66 c
/VU I 3.66 a 3.00 a 0.33 b 4.33 a 2.00 b 0.00 c
M.12 4.00a 0.00 b 0.33 b 5.00a 1.00b 0.66 b
M.13 333a 333 a 2.00 a 433a 4.33 a 2,66 a
M.14 4.00 a 0,66 b 0.66 b 4.33 a 100 b 0.66 b
M,15 3.66 a 366 a 2,66 a 5.00 a 4.33 a 4.33 a
M,16 3.33 a 200 a 3.00 a 4.33 a 4,66 a 4.00a
M.18 4.00a 2.00a 3.00 a 4.33 a 4.00a 4.66a
M.19 3.66 a 0.00 b 0.00 b 4.33 a G,33 b G.33b
M.20 3.33 a LOO b 0.33 b 4.66 a 1.33 b G.33b
M,22 4.00a 0.66 b 0.00 b 5.00 a 0.66 b 033 b
M.2? 4.00a 066 b 0.00 b 4.33 a 033b 0.33b
M.28 4.00a 0.66 b 033b 4.66a 0.66 b 033b
M,29 400 a 0.66 b 0.33b 5.00 a 0.66 b 0.33 b
Data are means of four replications. Means in each line, for each index,
followed by the same lener do not differ according to Newman and
Keuls test (P OS 0.05). Isolates MA,S, 17, 21, 23 and 26 were not
evaluated.
* Gl = 0, 1,2,3,4: respectively 0, 1-24,25-49,50-74,75-100 % of
root with galls,
•• EMl = 1,2,3,4,5: respectively 0,1-3,4-10,11-30,31-100, > 100
egg masses per plant.
M. javanica and M. incognir.a in Morocco Qanati el al.)
1982a), and the predominance of the first species which
represents 80 % of all studied isolates and 82 % of the
isolates collected on plants grown under plastic green-
houses.
The egg mass index and the reproduction index
were positively correlated (r2 = 0.77844 to 0.93392,
P:S 0.05; Table 3). These indices allowed a clear dis-
tinction bet\Veen the susceptible cultivars and the resist-
ant ones. The reproduction index takes into consid-
eration both the egg mass numbers and the number of
eggs per mass; therefore, only the reproduction index
was used in our analysis.
Tomato resistance breakdown is often induced by
resistance breaking populations of Meloidogyne) appear-
ing naturally or induced by a selection pressure over the
Mi gene (Riggs & Winstead, 1959; Roberts & Thoma-
son, 1986; Berthou el al.) 1989; Roberts el al.) 1990).
Riggs and Winstead (1959) have developed resistance-
breaking populations of M. arenaria and M. incognila on
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Table 3. Egg mass index (EMI)* and reproduction index (RIJ** of six M. ;avanica isolates on dijferems Lycopersicon spp. cultivaTs and
accessions inoculated with 2000 nem./plam at 47 days after inoculation.
Cultivars M. javanica isolates
M.29 M.9 M.10 M.2 M.13 M.16
EM! Rl EM! Rl EMI Rl EM! Rl EM! Rl EM! Rl
Lycopersicon
esculemum
Rutgers 5.0 b 100 b 4.7 c 100 b 4.7 c 100 b 4.7 e 100 e 4.6 e 100 e 4.6 b 100 b
VFN8 0.9 a 1.2 a 0.7 a 1.3 a 1.3a 2.2 a 3.9 b 47.0 b 3.9 be 85.8 b 4.0 b 73.6 b
Darns 1.0 a 1.2 a 4.4 e 95.2 b 4.6 e 102.5b 4.7 e 115.8 d 4.7 e 153.1 e 4.3 b 86.7 b
L. peruvianum
PI 128657 0.4 a 0.4 a 0.7 a 0.5 a 0.7 a 0.6 a 3.3 ab 17.7 a 2.1 a 13.2 a 2.6a 11.6 a
PI 270435 0.6 a 0.8 a 2.1 b 5.0 a 2.1 b 4.3 a 3.4 b 10.6 a 3.1 ab 20.5 a 2.1 a 9.9 a
L. peruvianum
var. glandulosum
PI 126443 0.6 a 1.2 a 2.7 b 2.7 a 1.3 a 2.2 a 2.7 a 12.0 a 2.7 a 27.5 a 2.6 a 11.1 a
r 0.89808 0.89489 0.93392 0.83508 0.80033 0.77845
P 1.0873 2.03 x IQ-13 1.69 X IQ-12 6.86 X IQ-12 2.01 X IQ-10 1.29 x 10-9
Data are means of seven replications. Means in columns followed by the same letter for the same index do not differ according to Newman and Keuls
test (P s 0.05).
* EMl =1,2,3,4,5: respectively 0, 1-3,4-10,11-30,31-100, > 100 egg masses per plant.
** I =100 x (final population on tested cultivar/fmal population on control).
resistant tomatoes. In our case, several resistance-break-
ing populations of M. javanica were naturally selected in
fields previously cultivated with resistant tomato culti-
vars for at least I year.
Another factor inducing the loss of resistance is tem-
perature (Amrnati et al., 1986). It is likely that both
resistant breaking forms of M. javanica and high soil
temperature may have contributed to a poor perform-
ance of suposedly resistant tomato cvs.
In relation to cvs VFN8 and Darus reactions, there are
two types of resistance-breaking populations: i) M.9
and M.l 0 that broke resistance on cv. Darus but not on
cv. VFN8 at 28°C; these populations were previously in
contact with resistant tomatoes for a short time (1 year);
ii) the other populations that broke the resistance on
both cv. Darus and cv. VFN8 were M.2, M.13 and
M.16. These were previously exposed to resistant toma-
toes for a longer period (3 to 8 years). Their culture on
susceptible tomato cv. Rutgers for 6 months did not
affect their virulence. Such nematode populations oc-
curing in Morocco could constitute a serious threat to
most of the cultivated tomato hybrids which have in-
corporated the Mi gene at a heterozygous state. The
tested isolates constitute a very small sample of the exist-
ing root knot nematode populations, which points to-
wards the existence of many resistance breaking forms
of M. javanica in field populations. These forms are
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likely to prevail in the warm and intensive tomato grow-
ing areas of Morocco.
Previous studies reported that the Mi gene in tomato
did not confere total immunity to Meloidogyne (Ammati
et al., 1985; Roberts & Thomason, 1986; Roberts et al.,
1990). Slight nematode reproduction and galling was
recorded. The same condition is reported for the new
resistance sources found in accessions PI126443 and
PI270435 of L. peruvianum, where natural selection for
new resistance breaking populations can occur.
Fassuliotis (1979) suggested that modifying genetic
factors from L. esculemum susceptible parent increased
the expression of resistance of the Mi gene in the proge-
nies over the original L. peruvianum resistant parent.
However, the observed differences between the repro-
duction indices of the combinations (VFN8 and
PI1288657) inoculated with M.2, M.13 and M.16 sug-
gest the existence of genes other than Mi in PI128657
accession of L. perumanum that are lost during the Mi
selection process.
In this study no differences were noted between the
three L. peruvianum accessions. The new accessions
PI126443 and PI270435 appeared to have a stable re-
sistance to M. javanica and M. incognila at 32°C. They
also confered resistance to M. hapla and control resist-
ance breaking populations of M. javanica and M. in-
cognila (Ammati et al.) 1986; Roberts et al., 1990). It is
Fundam. appl. Nemalol.
hopped that they will improve the control of Meloldo-
gyne on tomatoes through host plant resistance.
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